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To the Editor:
Cartilage-hair hypoplasia (CHH, MIM #250250) is a metaphyseal chondrodysplasia with variable immunodeficiency and increased risk of malignancy. We previously showed that in patients with CHH with chronic respiratory symptoms, the prevalence of bronchiectasis (BE) is 52%. 1 The prevalence of BE and the contributing risk factors in the overall CHH population remain unknown. High-resolution computed tomography (HRCT) is the criterion standard investigation for assessing BE; however, radiation exposure is a concern. Pulmonary changes in patients with CHH have not been examined systematically and the applicability of lung magnetic resonance imaging (MRI) in assessing their lung pathology is unclear.
We investigated the prevalence of BE in a random cohort of 34 Finnish patients with genetically confirmed CHH (6 men, 28 women; median age, 39 years, range, 13-68 years). All patients or caregivers gave their written informed consent. The Institutional Research Ethics Committee approved the study. We collected clinical data, obtained blood tests, and performed lung HRCT (34 of 34) and MRI (16 of 34) (for detailed imaging protocols, see Appendix E1 in this article's Online Repository at www. jacionline.org). We analyzed the clinical and immunologic correlates with BE with the Fisher exact test, the Mann-Whitney test, and multiple logistic regression analysis. Performance of MRI compared with HRCT was determined by the Spearman rank correlation coefficient (rho). Table I presents the patients' clinical and laboratory characteristics. HRCT showed BE in 10 of 34 patients (29%), aged 29 to 68 years. BE was unilateral (n 5 2) or bilateral (n 5 8) and was located most commonly in the lower lobes and right middle lobe, but was also found in all other lobes (Fig 1) . Additional findings on HRCT were acute inflammation (n 5 3), fibrosis-like changes (n 5 6), and nonspecific subpleural nodules of less than 0.5 cm in size (n 5 8). MRI showed lung abnormalities in 8 of 16 patients and had a good correlation with HRCT (overall r, 0.820; P < .001) (see Table E1 in this article's Online Repository at www.jacionline.org).
Patients with BE had significantly higher serum IgG and white blood cells, total lymphocyte, and CD16/56 1 cell counts (Table I) . However, these parameters correlated significantly with age (see Fig E1 in this article's Online Repository at www.jacionline.org). Patients with BE tended to have more sinus infections, pneumonia, and chronic cough (defined as ongoing daily cough lasting > _1 year). BE was diagnosed in 4 of 6 patients with a history of smoking, but when controlled for age, this association became insignificant. In the multiple logistic regression analysis, only higher CD16/56 1 cell counts remained associated with the presence of BE (P 5 .026; B coefficient, 8.8) . Humoral immune defect (defined as IgA deficiency or low IgM levels or low levels of at least 2 IgG subclasses or ongoing intravenous immunoglobulin substitution) was insignificantly more common in patients with BE (5 of 10 vs 11 of 24). Preexisting antibodies to tetanus toxoid were below the protective level in 2 of 27 patients, both aged 68 years, one with BE and another without. Serologic responses to polysaccharide pneumococcal vaccine (measured in 5 patients) were abnormal in subjects with and without BE. Retrospective data on lymphocyte mitogen stimulation showed decreased responses in 6 of 8 patients, all without BE. Noteworthily, 2 patients with BE had normal laboratory parameters, except for low CD27 1 IgD 1 B cells. BE is a known complication of combined variable immunodeficiency and detected in more than 20% of patients, 7 corresponding to the prevalence of 29% in our study cohort. However, our findings suggest that BE often develops also in CHH patients with inapparent immunodeficiency, implicating the presence of other contributing factors. Hyaline cartilage, in contrast to growth plate cartilage, is not affected in CHH and thus tracheal and bronchial defects are unlikely to play a role. Although the underlying cause of BE cannot be detected on the basis of lobar involvement, the distribution of BE in our cohort was similar to the pattern in patients with bronchiolitis obliterans. 8 This echoes our finding of fibrosis-like changes in 18% of patients with CHH and requires further studies. Most of our patients reported absent or mild respiratory symptoms and had never been evaluated by lung HRCT. However, half of those with BE reported chronic cough, emphasizing the need for regular follow-up even in mildly symptomatic individuals. Also, in individuals with short stature and BE of unknown etiology, the diagnosis of CHH should be considered.
In patients with immunodeficiency, lung disease such as BE or parenchymal changes contribute to poorer prognosis. 6 Out of 8 previously reported patients with BE, 1 died from pneumonia at 58 years; others had significant respiratory symptoms and 6 suffered from pneumonia.
1 BE was progressive in all those with longitudinal follow-up extending to adulthood. 1 Another report described a young adult with CHH, frequent infectious exacerbations and rapid progression of BE, leading to fatal septicemic pneumonia within 2 years. 9 We previously reported higher IgG levels in infection-prone patients with CHH. 2 Here, we find the same trend, as well as higher white blood cells, total lymphocyte, and CD16/56 1 cell counts in CHH patients with BE. These findings may be explained by exacerbated inflammatory responses in the respiratory tract, smoking, chronic smoldering infections, impaired specific antibody production, or BE-induced systemic immune response. 10 Patients in our cohort more often had low CD19 1 (67% [22 of 33]) than low CD3 1 (33% [11 of 33]) cell counts. Total IgG concentrations were normal in all, including levels in patients before initiation of IVIG therapy. However, almost half the patients (47%) had humoral immune defects and 4 of 5 tested patients showed specific antibody deficiency, suggesting that immunoglobulin substitution may be beneficial despite normal IgG levels. We excluded 3 patients receiving IVIG at the time of the study from IgG and subclass analysis. However, when we included IgG levels available for 2 of these patients before initiation of IVIG therapy, the difference between median IgG levels in patients with and without BE became even more significant (P 5 .009).
Asthma and allergic rhinitis were significantly more prevalent in our cohort than in the general population of Finnish adults (24% vs 6% and 44% vs 15% to 25%, respectively).
11,12 These conditions may have been misdiagnosed as the cause of respiratory symptoms in some of the patients, or individuals with CHH suffer from immune dysregulation. Serum total IgE level was normal in 31 patients and increased in 1 subject (Table I) who had no allergic symptoms, but reported repeated sinusitis in adulthood. Asthma diagnostics in CHH is complicated by difficulties in interpreting spirometry due to short stature and absence of disease-specific reference values. Asthma diagnosis should not replace lung imaging in CHH patients with chronic respiratory symptoms.
Lung HRCT remains the criterion standard for diagnosing BE, but we found a good correlation between HRCT and MRI scores when assessing BE in patients with CHH. Lung MRI may potentially thus replace HRCT in follow-up, sparing these malignancy-prone patients from repeated radiation exposure.
We recognize some limitations in our study. We recruited patients regardless of their clinical presentation and this may have led to selection bias. However, most participants had no current respiratory complaints. Patients deceased from infections or aggressive lymphoma may constitute a more severely affected group that was absent from our cohort. However, 2 of our patients had survived lymphoma, and 4 were on immunoglobulin therapy, representing more severely immunocompromised subjects. We did not systematically screen for other potential causes of BE, but our patients with BE (youngest 29 years) lacked typical symptoms of cystic fibrosis or primary ciliary dyskinesia, both of which have low prevalence in Finland. Lymphocyte proliferative responses to mitogens were not systematically evaluated because we 13 and others 14 have previously shown that responses are abnormal in most of the patients and correlate poorly with clinical parameters in CHH. Of the patients with BE, 6 of 10 were older than 58 years, and the prevalence of BE in this age group in healthy individuals is around 15%. 15 However, the prevalence in this age group was significantly higher (55%, 6 of 11) in our cohort. We diagnosed BE in a patient as young as 29 years, underscoring the necessity of early BE screening.
Because BE can lead to recurrent lung infections and even death in patients with CHH, lung pathology should be actively Values for laboratory parameters are presented as median (range). P values less than .05 were considered significant and are in boldface. BE, Bronchiectasis; F, female; IVIG, intravenous immunoglobulin; M, male; PPV, polysaccharide pneumococcal vaccine (Pneumovax); WBC, white blood cell. *Local laboratory or previously published reference values [2] [3] [4] [5] [6] were applied for the tested parameters.
Spearman correlation coefficient (rho) 0.392 (P 5 .022). àOne patient with BE and 3 patients without BE had a history of recurrent pneumonia. §Good response was defined as a 4-fold rise in serotype-specific antibodies measured with fluoroimmunoassay and a postimmunization antibody level of > _0.35 mg/mL.
searched for and treated. Even in asymptomatic patients, the diagnosis of BE influences ongoing management and treatment of possible future respiratory infections. Given the applicability and safety of lung MRI, we recommend scheduled lung imaging in all adults with CHH. Prospective studies are needed to determine the rate of BE progression and mortality, and to elucidate the pathogenetic mechanisms leading to BE development in CHH. 
